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strains to their environment within carrier animals. Mutations
that led to metabolic streamlining and the loss of virulence de-
terminants were more frequently found in persistent isolates,
suggesting that the pathogenic potential of S. equi reduces as a
consequence of long term residency within the horse post-acute
disease. An example of this is the deletion of the equibactin
siderophore locus that is associated with iron acquisition, which
occurs exclusively in persistent isolates, and renders S. equi
signiﬁcantly less able to cause acute disease in the natural host.
Our data provide a unique insight into the mechanisms
employed by S. equi to evade host immune responses and persist
within recovered animals. We identify several loci that may
similarly be required for the full virulence of S. equi, directing
future research towards the development of new vaccines
against this host-restricted pathogen. Further, we recommend
that qPCR and ELISA assays for the detection of S. equi utilise
more than one target in order to minimise the chance of false
negative test results.
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Superantigens (sAg) are potent toxins that bypass the conven-
tional MHC-restricted antigen presentation, causing unspeciﬁc T-
lymphocyte activation that may interfere with the development
of a protective immune response. In recent years, increasing
evidence suggests sAgs are key factors that likely contribute to
the ability of Streptococcus equi (S. equi) and Streptoccocus zooe-
pidemicus (S. zooepidemicus) to cause disease. The immunological
activities of S. equi sAgs have been well characterised in vitro and
are consistent with classical unspeciﬁc T-lymphocyte activation
and cytokine synthesis. The presence of S. zooepidemicus sAg
genes has been associated with non-strangle lymph node
abscessation and dissociated with cases of uterine infection. The
current study aimed to characterise szeQ, a novel phage-associ-
ated S. zooepidemicus sAg gene. szeQ was encoded by around
0.9% of S. zooepidemicus isolates screened (4 out of 437 isolates
within a diverse collection of 190 different sequence types). To
date, the low prevalence of szeQ has not permitted an association
and/or dissociation with speciﬁc clinical forms of disease to be
determined. SzeQ shares 69% amino-acid sequence identity with
the Streptococcus pyogenes sAg SpeC. The recombinant sAg SzeQ
is active in vitro, inducing mitogenic stimulation of equine pe-
ripheral blood mononucleated cells, characterised by lympho-
proliferation and cytokine production (IFNgamma, IL-4, IL-10,
TNFalpha, IL-6). Disruption of the sAg TCR-binding site allows to
differentiate sAg activity on T-lymphocytes and Antigen Pre-
senting Cells (APC). The predicted TCR-binding motif site of SzeQ
was identiﬁed by sequence homology to SpeC and disrupted by
site directed mutagenesis (TCRneg-SzeQ) (Figure 1). Recombi-
nant TCRneg-SzeQ lost its ability to induce T-cell proliferation in
vitro, but retained its capacity to bind MHC class II equine cells
(APC targeting). Superantigen-induced T-cell-dependent cyto-
kines (IFNgamma, IL-4, IL-10) were strongly reduced after
stimulation with TCRneg-SzeQ. In contrast, APC-dependent cy-
tokines (IL-6, TNFalpha and IL-8) were unaffected, highlighting
the potential of SzeQ to drive the immune response duringimmunisation through speciﬁc activation of APC, irrespective to
their mitogenic activity on T-lymphocytes. This activity was also
strengthened by preliminary results indicating that SzeQ
potentially modiﬁes Toll-Like Receptor transcription in vitro.
TLRs activate the immune system upon interaction with path-
ogen-associated molecular patterns displayed by bacteria, vi-
ruses or parasites. This activation culminates in the production of
pro-inﬂammatory cytokines, which shape the early host
response to infection and are a requirement for the subsequent
activation and modelling of adaptive immunity. Beyond the
characterisation of a new S. zooepidemicus sAg, our results sug-
gest a complex role for sAgs in the pathogenesis of S. equi and S.
zooepidemicus.
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Streptococcus equi subsp. equi (S. equi) is the causative agent of
strangles, the most frequently diagnosed equine infectious dis-
ease worldwide. Currently, no effective vaccine providing DIVA
potential (differentiates infected from vaccinated animals) exists
against S. equi. The development of such a vaccine requires the
application of molecular m7ethods to identify regions of the S.
equi genome required for infection. The development of trans-
poson directed insertion-site sequencing (TraDIS) has enabled
the acquisition of extremely relevant genomic data for the
improvement of disease control. We have developed a custom
TraDIS method in which a plasmid carrying a transposon is
randomly inserted into the S. equi genome, creating a library of
mutants. Mutants able to tolerate insertion into a gene will
continue to replicate, reﬂecting the gene’s non-essential nature.
Mutants unable to tolerate insertion will be reduced or lost from
the population as it is no longer viable, reﬂecting the essential
nature of the disrupted gene. Next-generation sequencing of this
remaining population allows these gene essentialities to be
assigned. In this study, a large library of 115,951 unique mutants
was generated which contained an average of 1 insertion every
18 bp with an average read depth of 18. The density and quality
